Objective This study was aimed to identify the relationship between radiographic features of elderly pulmonary TB patients and nutritional deficiency. Methods Ninety-two patients older than 70 years of age with pulmonary TB were retrospectively enrolled. The influence of nutritional parameters, such as serum albumin concentration and peripheral blood total lymphocyte count on CT findings was examined. CT findings of pulmonary TB patients were classified as those including atypical findings (segmental or lobar consolidation in an unusual location, miliary nodules, and hilar and mediastinal lymphadenopathy) or not. The number of segments involved by TB was also counted. Results Age-and gender-adjusted analyses for the nutritional parameters and confounders revealed that hypoalbuminemia, lymphocytopenia, and steroid therapy were significantly related to the presence of atypical CT findings. Furthermore, hypoalbuminemia, lymphocytopenia, and the amount of acid-fast bacilli in sputum smears were significantly related to an increased number of involved segments. In multivariate analysis, only hypoalbuminemia was significantly related to the presence of atypical CT findings (OR: 0.335, 95% CI: 0.142-0.794, p = 0.013) and an increased number of involved segments (OR: 0.145, 95% CI: 0.047-0.453, p = 0.0009). Among the CT findings, the tree-in-bud pattern was the most common in all patients (79.3%). However, the presence of the tree-in-bud pattern was not significantly related to any nutritional parameter. Conclusion Elderly TB patients of poor nutritional status, in particular those with hypoalbuminemia, tended to show atypical CT findings and widespread lesions. The tree-in-bud pulmonary pattern could be observed in TB patients in any nutritional state.
Introduction
Early diagnosis and treatment of pulmonary tuberculosis (TB) is critical to disease management. CT has been established as an important tool in the diagnosis of pulmonary TB (1, 2) . Although typical findings, such as the tree-in-bud with impaired host immunity (3, (8) (9) (10) . However, it is not well known whether or not the nutritional state affects the CT appearance of pulmonary TB.
Malnutrition is often observed in elderly TB patients. Furthermore, elderly TB patients are reported to present somewhat atypical symptoms (11, 12) or radiological findings (11, 13, 14) , and are more likely to die of the disease (11) . The proportion of TB patients with lower lung field lesions increases with age, while the frequency of cavitations decreases with age, as observed by CT (11, 13, 14) . We hypothesized that malnutrition in elderly TB patients might influence CT findings.
The impact of malnutrition on radiologic presentation of pulmonary TB is considered important, because misinterpretation of images might delay the correct diagnosis and the initiation of TB treatment. We therefore aimed to identify the relationship between radiographic features of elderly pulmonary TB patients and nutritional deficiencies.
Methods

Study population
Medical records and pre-treatment chest CT images of 92 pulmonary TB patients older than 70 years of age admitted to National Hospital Organization Omuta National Hospital from 2004 to 2008 were reviewed. Only those patients with confirmed positive sputum cultures for Mycobacterium tuberculosis were enrolled. Patients who took anti-TB medication prior to admission or those with only TB pleurisy were excluded. There were no patients with multidrug-resistant TB. This study was approved by the Ethics Board of National Hospital Organization Omuta National Hospital. Informed consent was waived because of the retrospective, observational study design. High ethical standards were maintained in carrying out this study.
Study design
We retrospectively obtained nutritional parameters, such as serum albumin concentration and peripheral blood total lymphocyte count, from clinical charts. The influence of each parameter on CT findings was examined. To evaluate the relationship between patient status at admission and CT findings, the influence of duration of symptoms (in weeks) before diagnosis, amount of acid-fast bacilli in sputum smears at diagnosis, and 5 comorbidities (diabetes mellitus, steroid therapy, gastrectomy, renal disease, and heart disease) on the CT findings were also analyzed. The amount of acid-fast bacilli in sputum smears was determined using a five-point semi-quantitative scale (-, ±, 1+, 2+, and 3+) (15) .
Assessment of CT findings
We classified the following CT findings of pulmonary TB patients as atypical: 1) segmental or lobar consolidation in an unusual location (basal segment, middle lobe, lingular and S3 segments, 2) miliary nodules, and 3) hilar and mediastinal lymphadenopathy. CT findings were then assigned to two groups: 1) presence of atypical findings or 2) absence of atypical findings. We also counted the number of involved segments, including atypical findings and all other TB-related findings. A pulmonologist (K.O.) and radiologist (H.K.), who were blinded to the nutritional states of patients, analyzed the CT findings independently, with consensus resolution if there was any disagreement.
Statistical analysis
Data for continuous variables were presented as mean ± SD. Duration of symptoms, amount of acid-fast bacilli in sputum smears, diabetes mellitus, steroid therapy, gastrectomy, renal disease, and heart disease were considered as potential confounders. Logistic regression was used to test for relationships between each parameter and CT findings. Age-and gender-adjusted odds ratios were estimated for each nutritional parameter and potential confounder. Nutritional parameters with significant age-and gender-adjusted odds ratios were then included in a multivariate logistic regression model with age, gender, and potential confounders, to determine the relationship between nutritional parameters and CT findings. Only potential confounders with significant age-and gender-adjusted odds ratios were included in the analysis. All analyses were performed using a statistical software package (SAS ver.9.2, SAS Institute Inc., Cary, NC, USA). A p-value of <0.05 was considered statistically significant.
Responsibility for data
K.O. had full access to all data in the study and takes responsibility for the integrity of the data and accuracy of the data analysis.
Results
Patient characteristics
Patient characteristics are detailed in Table 1 . A total of 92 pulmonary TB patients were included in the study (49 men and 43 women). Mean age of patients was 80.91 ± 5.79 years. Mean serum albumin level and total lymphocyte count were 3.30 ± 0.71 g/dL and 868.50 ± 507.26/mm 3 , respectively. Mean duration of symptoms before diagnosis was 4.88 weeks. On the semi-quantitative scale, 20, 6, 30, 19 , and 17 patients scored -, ±, 1+, 2+, and 3+ for the amount of acid fast bacilli in sputum smears, respectively.
Atypical CT findings and nutritional state
Atypical findings were seen in 36 TB patients (39.1%). There were 28 patients (30.4%) with segmental or lobar consolidation in an unusual location (20 patients in basal segments, 11 patients in middle lobes or lingula, and 3 patients in both a basal segment and middle lobe or lingular segment). Eight patients (8.7%) had miliary nodules. One patient (1.1%) had hilar and mediastinal lymphadenopathy. One patient had both lobar consolidation in an unusual location and hilar and mediastinal lymphadenopathy. Age-and gender-adjusted analysis for the nutritional parameters revealed that hypoalbuminemia and lymphocytopenia were significantly related to the presence of atypical CT findings (Table 2) . Among potential confounders, only steroid therapy had a significant age-and gender-adjusted odds ratio for atypical CT findings. There was no significant relationship between atypical CT findings and duration of symptoms, or the amount of acid-fast bacilli in sputum smears.
In the multivariate analysis, however, only hypoalbuminemia was significantly related to the presence of atypical CT findings (OR: 0.335, 95% CI: 0.142-0.794, p=0.013; Table 3).
Number of diseased pulmonary segments and nutritional state
The average number of involved segments was 10.63. The number of involved segments was divided into two categories, <10 segments (under half of all pulmonary segments) or !10 segments. There were 46 TB patients (50%) with !10 involved segments. Age-and gender-adjusted analysis revealed that hypoalbuminemia and lymphocytopenia were significantly related to the presence of !10 involved segments (Table 4) . Among potential confounders, only the amount of acid-fast bacilli in sputum smears had significant age-and gender-adjusted odds ratio for the presence of !10 involved segments.
In the multivariate analysis, however, only hypoalbuminemia was significantly related to having !10 involved segments (OR: 0.145, 95% CI: 0.047-0.453, p=0.0009; Table 5).
Tree-in-bud pattern and nutritional state
The tree-in-bud pattern was observed in 73 patients (79.3%), and it was the most common CT finding. The presence of the tree-in-bud pattern (Table 6 ) was observed irrespective of the serum albumin level (p=0.501) and total lymphocyte count (p=0.140).
Discussion
The present study demonstrates that atypical CT findings of pulmonary TB and dissemination of the disease in the elderly are found with greater prevalence in malnourished patients, particularly patients with hypoalbuminemia. In Japan, the average age of TB patients is high. Reactivation of latent TB occurs when such patients get older or become malnourished or immunocompromised. Thus, early diagnosis and treatment of TB patients is important for decreasing mortality and preventing the spread of infection. Our findings contribute to the early diagnosis of TB in malnourished elderly patients.
There was no relationship between atypical CT findings and the duration of symptoms before diagnosis, or the amount of acid-fast bacilli in sputum smears. Although the amount of acid-fast bacilli in sputum smears had a significant age-and gender-adjusted odds ratio for the presence of !10 involved segments, it was not related to the extent of involved segments in the multivariate analysis. This suggests that malnourished (hypoalbuminemia) TB patients tend to show atypical or disseminated CT findings, regardless of the duration of symptoms or the amount of acid-fast bacilli in sputum smears. Even in the early stages of TB, malnourished patients might show atypical and widely disseminated CT findings. We found no relationship between comorbidities, such as diabetes mellitus, steroid therapy, gastrectomy, renal disease, and heart disease and CT findings. Given that only hypoalbuminemia had a significant odds ratio in the multivariate analysis, nutritional state is considered to be strongly related to atypical CT findings and dissemination.
Atypical CT manifestations of pulmonary TB are common in patients with impaired host immunity (3, (8) (9) (10) . Diabetic and immunocompromised patients have higher prevalence of multiple cavities within any given lesion and nonsegmental distribution in active pulmonary TB compared to those without underlying disease (9) . In this study, diabetes and steroid therapy were not significantly related to the presence of atypical CT findings or increased number of involved segments in the multivariate analysis. A number of possible explanations exist for this discrepancy with previous reports. First, this study had only a few patients with diabetes (16 patients) and steroid therapy (9 patients). Second, the definition of atypical CT findings is different among the studies. Third, hypoalbuminemia might be the factor most strongly related to the presence of atypical CT findings.
AIDS patients with a CD4 T lymphocyte count of less than 200/μL present with an atypical chest radiographic pattern for reactivation TB (16) . HIV-seropositive patients have a lower prevalence of localized parenchymal disease and a higher prevalence of disseminated disease on CT (17). Our results suggest that pulmonary CT findings in malnourished TB patients are similar to those in the immunocompromised state. Such a finding may be attributed to defects in cellmediated immunity associated with malnutrition (3, 7), Malnutrition has a profound effect on cellular immune function, as well as on the immune system of the elderly (18) . Therefore, malnutrition may be an important risk factor for developing TB, particularly in the elderly.
Atypical radiologic images of pulmonary tuberculosis are reportedly common in the elderly (11, 13, 14) . The proportion of TB patients with lower lung field lesions increases with age, while the frequency of cavitations decreases with age (11, 13, 14) . This study found that nutritional state, particularly in elderly TB patients with hypoalbuminemia, influenced the frequency of atypical findings, such as segmental or lobar consolidation in an unusual location or miliary nodules, as well as dissemination of pulmonary diseases.
The tree-in-bud pattern has been well established as an important sign for TB diagnosis (3, 4) . It was seen in TB patients of all nutritional states in this series. However, atypical findings in TB may mislead a physician and such typical radiologic patterns may be ignored. These data suggest that increased awareness in physicians is necessary in order not to miss typical signs among scattered atypical findings in elderly patients with pulmonary TB.
Several methods have been reported for the assessment of (19) . Onwubalili reported using triceps skinfold thickness, arm muscle circumference, serum albumin, iron, BMI, and total iron binding capacity as nutritional indicators in TB patients (5) . However, the measurement of triceps skinfold thickness or arm muscle circumference in TB patients is uncommon. Previous work has established that the outcome of hospitalized TB patients can be predicted based on their nutritional state on admission as assessed by serum albumin concentration, peripheral blood total lymphocyte count, BMI, and PPD induration size (20) . In this study, BMI was excluded from the analysis, because the height and body weight of some patients in poor nutritional states could not be measured due to poor general condition on admission. Measurement of serum albumin level is very easy and widely used in the world to evaluate nutritional state. Therefore, we used the serum albumin level as a parameter of nutritional status. In this study, hypoalbuminemia was strongly correlated with atypical CT findings and widespread lesions.
The present study has several limitations. First, it is a retrospective study without a control group. A prospective study will be needed to confirm the results of this study. Second, HIV serology was not routinely examined in all patients. In Japan, most patients with AIDS are younger than our study population and live in urban areas. This study was performed in a rural area with a low prevalence of AIDS. Most TB cases in this study were considered to be HIV negative and to involve the reactivation of latent TB. Third, the severity of TB and malnutrition tends to be strongly associated. The present study aimed to elucidate the relationship between nutritional state and CT findings at admission to the hospital. Thus, it is difficult to determine the causeand-effect relationship based on our study design. Fourth, TB patients often possess other underlying diseases and complications. These comorbidities, such as bacterial pneumonia and chronic cardiac failure, may confound the role of pulmonary TB in producing atypical CT findings. Although the exact cause of atypical CT findings was difficult to identify at times, these findings improved with anti-TB treatment.
In conclusion, malnourished elderly TB patients, particularly with hypoalbuminemia, tended to exhibit atypical CT findings and widespread lesions. The tree-in-bud pulmonary pattern could be observed in patients with any nutritional state. It is important not to miss the tree-in-bud pattern which coexists with atypical findings when interpreting chest CTs of elderly pulmonary TB patients with poor nutritional state. Further studies with proper controls will need to be carried out to confirm these results.
